Let G = (V, E) be a graph. A set S ⊆ V (G) is a dominating set, if every vertex in V (G)\S is adjacent to at least one vertex in S. The k-dominating graph of G, D k (G), is defined to be the graph whose vertices correspond to the dominating sets of G that have cardinality at most k.
Introduction
Let G = (V, E) be a simple graph. every vertex in V \S is adjacent to at least one vertex in S. The domination number γ(G) is the minimum cardinality of a dominating set in G. For more study in domination theory, the reader is referred to [5] .
Given a graph G, the k-dominating graph of G, D k (G), is defined to be the graph whose vertices correspond to the dominating sets of G that have cardinality at most k. Two vertices in D k (G) are adjacent if and only if the corresponding dominating sets of G differ by either adding or deleting a single vertex. 1 Corresponding author. E-mail: alikhani@yazd.ac.ir 1 A motivation for the study of the k-dominating graph is relationships between dominating sets. In particular, given dominating sets S and T , is there a sequence of dominating sets S 0 = S 1 , S 2 , . . . , S k = T such that each S i+1 is obtained from S i by deleting or adding a single vertex? (See [4] ).
A reconfiguration problem asks whether (when) one feasible solution to a problem can be transformed into another by some allowable set of moves, while maintaining feasibility at all steps.
The graph D k (G) aids in studying the reconfiguration problem for dominating sets (see [4] ).
Authors in [4] gave conditions that ensure D k (G) is connected.
In this paper we obtain some properties of D n (K n ).
Main results
In this section we shall study some of properties of D n (K n ). First we state and prove some elementary results related to geometrical structure of this graph.
(ii) The n-dominating graph D n (K n ) is a bipartite graph with parts X and Y , with |X| = 2 n−1 and |Y | = 2 n−1 − 1.
Proof.
(i) It is easy to see that the number of dominating sets of K n with cardinality i is n i , and since n i=1 n i = 2 n − 1, we have the result.
(ii) Let X be the set of dominating sets of K n with odd cardinality and Y be the dominating set of even cardinality of K n . It is clear that X ∪Y = V (D n (K n )) and X ∩Y = φ. Suppose that A, B ∈ X, then (A\B) ∪ (B\A) cannot be a vertex of D n (K n ). Because |A| = |B| or |A| − |B| ≥ 2. So AB is not an edge of D n (K n ) and with similar argument we have this for Y . Therefore D n (K n ) is a bipartite graph with parts X and Y . Now we obtain the cardinality of X and Y . Obviously |X| = (iii) For each vertex of D n (K n ), which is a dominating set with cardinality one, there exists n − 1 dominating sets with cardinality 2, where their symmetric difference is a single set, and thus both are adjacent. So, the degree of these kind of dominating set in D n (K n ) is equal to n − 1. Now suppose that S is a dominating set of K n with |S| = m, where 2 ≤ m ≤ n. There are m dominating sets of size m − 1 and n − m dominating sets with size m + 1 which are adjacent with S. So, the degree of each members of S in D n (K n ) is equal to n. Therefore
(iv) By Part (iii), the size of graph is 1 2 n(n−1)+n 2 n −1−n which is equal to n 2 n−1 − 1 . We show the graph D 3 (K 3 ) as bipartite graph in Figure 2 .
We know that a bi-partite graph G with different number of vertices in its parts cannot be
Hamiltonian. Also a connected graph has an Euler trail if and only if it has at most two vertices of odd degree [2] . Therefore
is not Eulerain and Hamiltonian graph. Here using Hall's theorem, we state and prove a result about matching of D n (K n ):
Theorem 2. The graph D n (K n ) has a matching that saturates the smaller part.
Proof. Assume that X and Y are as in Part (i) of Theorem 1. Let S ⊆ Y and sets E 1 and E 2 are defined as follows
Given that Y is n−regular, but each member of X has degree n or n − 1 and
Therefore |N (S)| ≥ |S|. By Hall's theorem we have the result.
Here we shall obtain more about D n (K n ). We need the following definition and lemma: Therefore D n (K n ) is t-tough with t < 1. Therefore by Lemma 1 D n (K n ) is not vertex transitive.
